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Premedication.-The value of bringing a child asleep to the operating theatre region is inestimable both to the child himself and to his parents. Let your own human feelings of sympathy for other people's fears be shown when you first approach a child about to have an anesthetic. There are efficient methods now available to overcome those natural fears on the part of the patient,W,and briefly they are resolved into the followingImethods:
The rectal route.-Paraldehyde: The dose is i to 1 drachm per 14 lb. (3 to 4 c.c. per 6-3 kilos) ofbody-weight in a 10% solution ofnormal saline, and should be given forty-five minutes preoperatively. The sleep obtained after twenty minutes is very deep, and there is a marked diminution in the amount of aneasthetic drug which is necessary later. The post-operative sleep is quiet and will tide the child over the first few hours of pain arising from the surgical wound. Other methods of inducing pre-operative sleep are well known and will be only briefly mentioned:
By mouth: The oral barbiturates, such as nembutal or seconal. By injection: The intravenous barbiturates, whose use may be limited only by the size of the patient's vein and his natural dislike of the prick of the needle from a strange doctor.
There is, however, one method of premedication by injection to which more attention might usefully be paid. This is by the administration ofthe opiates, morphia and scopolamine. Magill and Rowbotham, amongst many others, have described their effects. Bearing in mind the way in which morphia and hyoscine obtain sedation by a lowering of the body's metabolic rate, it can be appreciated how a child might respond particularly well to such a drug. The dose recommended has been calculated on a body-weight basis at morphia 1/30 grain per stone (2 mg. per 6-3 kilos) and scopolamine 1/1000 grain per stone (0-06 mg. per 6-3 kilos).
Induction and maintenance of anausthesia.-Because the high metabolic rate has been lowered by premedication it is important to choose a method of anesthesia which carries an adequate supply of oxygen. This fact has been recognized for many years but it is worth stressing lest there should become established some agent such as nitrous oxide which, if used without an adjuvant drug, may cause a dangerous degree of anoxia in the child.
It is true that nitrous oxide with minimal oxygen is employed in dental extraction clinics for children everywhere with great success, and yet I cannot help thinking that I am witnessing stages of asphyxia rather than anesthesia when such a method is used. I believe the success of the method lies in the shortness of the operation.
Again during the start ofan anesthetic on an ill child he may change rapidly from a person who is breathing quietly and easily to one who has ceased to breathe, who passes quickly through the intense lividity due to respiratory obstruction to a flaccid, pale grey infant with dilated pupils, whose life is slipping quickly away. All these changes take place in a short space of time so that to the need for adequate oxygenation must be added the old-established fact of maintenance of a perfect airway. For If the child appears cyanosed before induction starts, as for example in the case of a child with bronchopneumonia yet requiring an acute mastoid operation, then an open mask induction of ethyl chloride and ether followed by nitrous oxide, oxygen and ether will carry that child safely through the operation.
It is this use of ether, with its absence of post-operative complications, whether they be pulmonary or vomiting, which has kept this agent as the one most commonly used at Great Ormond Street.
Congenital hypertrophic stenosis and other congenital abdominal abnormalities needing laparotomy (for example exomphalos and duodenal atresia). At Great Ormond Street Rammstedt's operation is performed by one surgeon using local infiltration alone and he has used this method for many years. His mortality and morbidity results are first class. It is then found that three other surgeons, including the senior surgeon to the hospital point to a list of successful operations, equally long, performed under general anaesthesia. When general anmsthesia is used ether or divinyl ether or a mixture of the two using nitrous oxide and oxygen as its vehicle has been used. The same description applies equally to those other abdominal conditions requiring laparotomy. That of duodenal atresia must be mentioned again; it will be remembered that this operation must always be of long duration and necessitates the performance of a gastro-jejunostomy when the primary condition has been verified. These facts made me first realize that the baby's condition might be improved if the depth of the anmsthesia could be lightened during the course of the operation and then deepened rapidly without any outward sign from the patient. In such a young baby control of the airway by a pharyngeal airway was often unsatisfactory in my hands. Glottic spasm would occur rapidly if the depth of the anaesthesia at the moment of incising the peritoneum in the epigastrium was ill-judged, and having once occurred was more difficult to overcome than in an adult. For both these reasons I began to pass a No. 00 Magill tube under direct vision, in ah these babies undergoing laparotomy, as soon as surgical anesthesia was established.
The quiet respiration which is obtained throughout an abdominal operation in an adult by this manoeuvre is well known, and the depth of anaesthesia can be safely lightened during the performance of an intestinal anastomosis. As might be expected the same type of respiration is apparent when intratracheal anesthesia is used on a baby.
To assist further in producing a quiet respiration in babies undergoing abdominal surgery, a method of carbon-dioxide absorption has been tried recently which indicates further trial. A few well-known types of circle apparatus for carbon-dioxide absorption have not been entirely satisfactory, perhaps due to the increase of the dead space of the patient. Stimulated by a communication from Kaye of Melbourne, an attempt was made to build a light canister for soda lime of about the same capacity as the vital capacity of a baby.
At 12 months this is found to be 150 to 200 c.c. The next step was to realize that the smallest size of baby's face mask was not designed to fit the baby's face accurately. In a baby there is underdevelopment of the chin compared with the adult chin, and yet a baby's facemask is nothing more than an exact copy of an adult mask on -a reduced scale. Accordingly a mask was made by hand for me by Mr. Charles King, in which there is a slight lip to the lower margin of the mask, and this will now fit snugly on to the baby's face. Similarly the breathing bag has been reduced to the size of a BLB oxygen mask (see fig. 1 ).
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The role of curare in abdominal surgery in children.-Though ether still remains the most common agent in producing relaxation in children there are still a few conditions in which perfect relaxation with a quiet respiratory movement is difficult to obtain. Splenectomy in children of 4 years and over is not uncommon and surgical manipulations could be better assisted if there was a very peaceful respiratory movement. To produce this result, in my last 4 cases tubarine in varying doses has been used. The difference in the appearance of the abdomen as the surgeon worked to deliver the spleen from under the costal margin was striking. Exomphalos is another rare condition in which very great relaxation is needed in order that the surgeon may close the abdominal wall, a procedure as difficult as closing the abdominal wall after having returned the contents of a large diaphragmatic hernia to the abdomen. In a recent case, aged 36 hours, the mass was almost the whole liver and many coils of intestine. The body-weight was 7 lb. 6 oz. An intravenous drip was in position. It should be remembered that a blood transfusion is often necessary due to tearing of the liver'surface with consequent excess bleeding. After inducing anaesthesia with cyclopropane and oxygen, an intratracheal tube was passed and the baby's canister mask reapplied. 1 mg. of tubarine was then injected intravenously. Profound relaxation without complete paralysis was obtained throughout the operation, recovery was uneventful.
Harelip and cleft palate repair.-The age at which the first operation for the complete repair of a harelip is performed is from 2 months onwards. The keynote for success in these operations lies in producing a quiet operating field for the surgeon combined with safety for the baby, and the following points are of value: (1) The use of a wide-bore intratracheal tube.
(2) Careful packing of the oropharynx, preventing blood from running down into the air passages or stomach. (3) Care taken to ensure that the baby has recovered all his reflexes by the.end of the operation.
At Great Ormond Street, looking at the figures for deaths on the operating table before intubation was used as a routine for these operations, it was found that in 1924, 1925 and 1929 there were 5, 4 and 6 deaths in each year. On examining the causes of death we find that the harelip cases occur in the following order: 1, 1 and 2. After intubation became routine practice the total death figures for 1939 and 1945 drop to 1 and 2, and harelip conditions do not enter into any of these cases.
In 1920 Magill first began to pass an intratracheal tube on a baby. By reason of the very small size of tube necessary, a new anxiety has arisen for the anesthetist. This is kinking and obstruction of the tube as it passes over the dorsum of the tongue. Two types of tube designed by Magill are used by us at Great Ormond Street to overcome this difficulty.
One is an ordinary rubber tube strengthened by sliding over it a thin outer rubber tube and only the single or inner tube is passed through the vocal cords. The other is a Magill armoured tube consisting of a finely coiled spring covered with rubber, to whose proximal end is attached a double funnel opening. The anesthetic vapour is directed to the fine tube, while the broad funnel end is left open to the air. This entry and exit for the anesthetic gases achieve exactly the same purpose as Ayre's T-piece. My own preference is to use the armoured tube for all harelip and cleft-palate operations.
Intubation.-The chief factors which have given me trouble in passing a tube through the tiny opening of the larynx are: First, the opening into the mouth may be considerably obstructed by a round knob of tissue, the freely mobile premaxilla. In order to get this mobile proboscis out of the way Denis Browne designed a special blade for the Magili laryngoscope. The curved shelf of this blade is designed to keep the premaxilla out of the way of the groove down which the tube is to pass.
My own feeling is that this blade is too large for the mouth and it is my practice to use the Shadwell laryngoscope designed by Gillespie. In order to prevent the blade falling into the cleft, or the premaxilla obstructing the groove of the instrument, it has seemed easiest to insert the blade into the right-hand corner of the mouth and to keep it there throughout the manipulation while the cords are visualized.
The anatomy of the infantile larynx.-It will be remembered that in the newborn the distance from the gums to the glottis is 2 in. and the distance from the glottis to the bifurcation of the trachea is a further 2 in.
Epiglottis: There is a marked difference in contour between the infantile epiglottis and that of the adult. In the latter the epiglottis is a leaf-like structure, quite flat in the anteroposterior plane. In the infant this is not the case, the lateral margins of the epiglottis are rolled slightly on themselves towards the mid-line. This appearance will decrease the size of the visible epiglottis even more, and this fact should be recognized when the laryngoscope is used to lift the tip of the structure forward. Then will appear the tiny opening of the larynx through which the tube must be gently introduced.
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After careful insertion of the gauze packing the baby requires very little ether to keep the cough reflex abolished and the body still. It should be your aim to lighten the anesthetic so much that by the time the tube is removed there is a vigorous cough reflex and a good cry is produced before the baby leaves the theatre.
The removal of tonsils and adenoids by dissection is still the commonest operation performed in surgery, and for that reason it is pertinent to mention the method of anesthesia used at the Hospital for Sick Children, Great Ormond Street. At that hospital neither the technique of the operation nor of the anesthetic has changed greatly since 1907. In that year Waugh began to dissect the tonsils and curette the adenoids under deep chloroform, administered through a Junker's inhaler. Later a change was made to deep ether, using air from a foot-bellows, or oxygen as its vehicle. The vapour is delivered to the patient's mouth by a hooked metal tube, whose design has not changed since Waugh first described the operation. The airway is maintained by placing a sandbag beneath the shoulders, opening the mouth with Waugh's gag and then the tongue is drawn firmly out of the mouth by a pair of tongue forceps held by a nurse. Throughout the operation the surgeon wishes to have the patient at a deep plane of anxsthesia with no sign at all of movement of the palate or fauces, and this level is maintained while the adenoids are removed at the end of the operation. The child is returned to bed in the semi-prone position with the tongue forceps still in place, and these are removed when the cough reflex is brisk. THE ROLE OF ANESTHESIA IN THE STUDY OF AUTONOMiC NERVOUS SYSTEM IMBALANCE A few words on this subject should be included here, for it has seemed to me that anesthetists may assist and carry out useful research in at least two major surgical conditions of children.
(1) Congenital megacolon (Hirschsprung's disease).-It will be remembered that the large bowel receives its motor fibres from the parasympathetic system through the right and left vagus nerves and the second, third and fourth sacral roots. The sympathetic system supplies the inhibitory fibres which are given off from the spinal cord in the anterior roots of the fifth dorsal to the third lumbar segment.
In 1912 in the Guy's Hospital Reports Sir Arthur Hurst began to describe a theory of imbalance between these two nervous systems as the causation of this disease. In 1939 Telford first used spinal analgesia as a possible method of cure; the explanation of this treatment lay in the fact that by giving a spinal arnesthetic injection the whole of the sympathetic supply of the colon could be paralysed, so allowing the parasympathetic supply an uninhibited field of action. Such an injection must, of course, reach as high as the fourth dorsal segment. It is found in many cases that there is a spontaneous bowel action soon after injection and it might be thought that the colon would relapse as soon as the paralysing action of the drug has passed. But such is not the case, for normal bowel-control sometimes remains for months after the initial spinal injection.
Telford's work has been repeated and I am familiar with the work of Hawksley at Great Ormond Street. In 1944 she described 12 personal cases in detail and her results were encouraging.
(2) Congenital hydro-ureter.-It has been thought that paralysis of the sympathetic system may assist these massive ureters and kidney pelves to contract so that there have been attempts at injection of the splanchnic ganglia with local anesthetic solution.
Scholefield and Chivers reported 5 such cases and their results have warranted further trial. It has, however, seemed to me that paralysis of the splanchnic ganglia is obtained more accurately by injecting the drug into the theca rather than attempting to inject it into and around the ganglia themselves.
Hawksley and I have used nupercaine 1/1500 as the spinal anesthetic drug.,The dosage has been determined by Howard Jones' method of measurement of the spme. Having determined the dose it has been my practice to make the injection in the third to fourth lumbar space with the child sitting up, and from the moment of starting the intrathecal injection the patient is held vertical for the next fifty seconds. After this time a change is made to a 15 degrees Trendelenburg tilt and this is maintained for the next fifteen minutes. During this time the child is carefully examined for the height of skin anasthesia developing, if this does not reach at least as high as the nipple line, it is reasonable to suppose that the sympathetic supply of the colon has not been completely paralysed. The injection should then be repeated in 48 hours' time.
This brings to an end the description of some points of anresthesia you may find applicable in your own practice. For my own part I would especially like to thank my colleagues at the Hospital for Sick Children, Great Ormond Street, both Surgical and Anesthetic, those who have gone before and those who in their varying capacities still labour there. All have taught me some of that quality of kindness in approaching that most important person in the operating theatre, the little child.
Dr. T. Cecil Gray considered that Dr. Cope was right in his advocacy of intubation. Even in tiny infants this undoubtedly conduces to a smoother and more trouble-free anmsthesia. Provided it was performed -with extreme gentleness and with great care in the adequate sterilization of laryngoscopes and tubes it was not followed by harmful results. It appeared that in the type of closed circuit apparatus for children which Dr. Cope had described the soda-lime canister was situated directly above the facepiece and there might be a danger of inhalation of irritant dust. Dr. Gray asked whether Dr. Cope took any special precautions to ensure that this did not occur. In his experience children tolerated curare well provided one adhered to a dose for weight scale-2 mg. per stone (03 mg. per kg. body-weight).
Dr. Rex Binning admitted the advantages of employing parenteral premedication in children but stressed the need for some rule of thumb premedication for the routine tonsil list when it was often impossible for the anaesthetist to see each patient beforehand. He himself used seconal but postoperative restlessness was sometimes troublesome.
Dr. B. Kenton said that on the question of intubation each case had to be decided on its merits depending on the type of operation, the state of the child, &c. One had to remember, however, that the tidal volume in children was sometimes smaller than the sum total of physiological plus mechanical dead space. With intubation therefore the dead space is considerably decreased and thus tidal exchange facilitated.
Ayre's method was not mentioned though it was of great assistance in preventing CO accumulation and obviating resistance to respiratory efforts. It would be interesting to know how it compared with Dr. Cope's CO2 absorber.
Dr. Kenton drew attention to the use of seconal as a basal narcotic or the principal anxesthetic agent for minor surgery in children as advocated by Poe and Karp in America (Current Researches in Anwsthesia and Analgesia, 1946, 25, 152) . The authors used doses of seconal of 0-1 to 014 grain per pound (6 mg. to 8 5 mg. per half kilo) of body-weight (with a maximum of 6 grains) given orally or rectally (in 5 c.c. of tap water) thirty to sixty minutes before the operation. Dose was decreased in anwmic and lethargic children. Nitrous oxide and oxygen in equal parts was used as a supplementary agent. The method was found useful by the speaker for such procedures as encephalography and ventriculography in children.
Dr. R. E. Pleasance stated that he had hoped to hear Dr. Cope's views on anxesthesia for the operation for strabismus in children. Personally he had made use of small doses of curare, 5 mg. or less, and light anwsthesia. Relaxation of the eye muscles was almost immediate, and added materially to the ease with which the operation could be performed. Furthermore, the effect of the curare on the eye muscles lasted for some time after this had worn off in other parts of the body, thus allowing the traumatized muscles a valuable period of rest.
Small doses were essential, otherwise the muscles became too relaxed, and the surgeon complained that the eye felt like a ball of cotton-wool.
Dr. 0. P. Dimmick found nembutal and seconal to be unreliable premedicants chiefly because digestion of the capsule is frequently inhibited-presumably owing to the child's anxiety. Splitting the capsule and disguising the taste with jam or honey gave better results, but he had largely abandoned these drugs in favour of sodium thiopentone administered rectally. The ordinary 5 % solution was used and presented several advantages over other drugs administered rectally, namely, small bulk of solution, ease of preparation. A test for decomposition was unnecessary, and the drug was inoffensive. The dose was 1 gramme per 50 lb. body-weight (23 kilos)-slightly less in wasted or over-fat children-and was given an hour before operation using a record syringe and a very fine catheter inserted as high in the rectum as was comfortably possible. A preliminary bowel washout was not essential as it was found that with a very slow rate of injection the small amount of solution used seldom acted as an enema, especially if the buttocks were approximated with a strip of elastoplast He( would& like to stressrthatt in infants the possibility of post-operative hyperpyrexia was a very real danger, and he would warn against the excessive use of mackintoshes and towels on the operating table, and a surfeit of wrapping and clothes post-operatively. It was a common practice with adults to spray the larynx with local anaesthetic to facilitate endotracheal anesthesia. He had found this technique of equal value for children and the cleft palate infants.
Dr. Cope had rightly stressed the difficulty of intubating infants with cleft palates. Dr. Dinnick suggested that if twenty minutes have been spent in two or three vain attempts at intubation, it is wise policy, incurring no loss of prestige, to cancel the operation for that day.
In his experience infants in the first forty-eight hours of life withstand operation and anaesthesia surprisingly well-it is in the ensuing few weeks until their birth-weight is regained that they are such poor risks. He would like to know if the greater experience of Dr. Cope confirmed this view.
He would hesitate to criticize Dr. Cope's CO absorption technique without having seen it used, but felt there must be-as in all absorbers-a certain resistance to respiration and a significant amount of "dead space". His own experience was that infants tire quickly if they have to breathe against even the slightest obstruction, or were allowed to build up CO2 under the mask. He therefore avoided the use of a facepiece as much as possible, preferring to maintain anaesthesia by oral insufflation or an Ayre's "T" piece if an endotracheal tube were used. Dr. A. H. Galley said that it was a continual source of wonderment to him that babies and small cltIren so often maintained an adequate airway when no pharyngeal airway was used at all; the supporting finger must not, however, -migrate from the region of the symphysis mentis as pressure on the soft tissues of the submental region readily obliterated the airway. When administering spinal analgesia to babies (for therapeutic reasons) he had discarded lumbar-puncture needles.
He mounted a needle as for venepuncture, advandce4 until he felt the needle-tip pierce the ligamentum flavum, withdrew the plunger to verify that the needle was well in the subarachnoid space and then made the injection. Dr. H. Bruce Wilson said that he was pleased to hear that Dr. Cope underlined the prime importance of the maintenance of a clear airway during anmsthesia in children, and the necessity for adequate sedative premedication. He agreed that if a good airway could be maintained without intubation, that was to the good, but if difficulty were encountered he had no hesitation in intubating children of any age. The question of premedication had been exercising the attention of himself and his assistants at the Royal Aberdeen Hospital for Sick Children, and they had employed nembutal, rectal pentothal, paraldehyde, omnopon and scopolamine in an endeavour to determine which was most satisfactory. They had much satisfaction from oral nembutal and their success with this, compared with the experience of some of the other speakers in the Discussion, was perhaps due to the fact that they gave a small dose of nembutal the night before operation in addition to the dose before operation-probably the first dose had some "hangover" effect and made more certain of the action of the second dose. The drawback to nembutal was the period of restlessness and excitement during recovery. For this reason they had tried rectal pentothal and, being a shorter acting and more rapidly excreted drug, they found the period of post-operative restlessness very much more transient. The drawback to rectal pentothal was the need for close supervision and for a competent nursing staff.
Dr. J. D. Laycock asked if Dr. Cope could tell him how to give an anmsthetic to a child for a lipiodol bronchogram with due regard to explosive risks. Dr. R. W. Cope in reply said: Dust from the close proximity of the small canister to the face mask was a real danger recognized at the start of its use. The speaker's own baby was induced to breathe into the new canister-mask in the early stages of experiment, and it was found that the baby's nose, lips and tongue were soon covered with a fine layer of lime dust. This dust formation had been prevented by taking care to add about 2 teaspoonfuls of water to the soda lime immediately before use. No further precautions had been necessary.
Ayre's method and the speaker's canister had not been compared either clinically or experimentally for an evaluation of the alveolar carbon-doxide accumulation.
The suggestion of using small doses of curare to paralyse the eye muscles during operations for strabismus would seem to be valuable and the speaker was grateful for being told about the idea and the possibility of making the eyeball like cotton-wool would be borne in mind.
With regard to general anesthesia for lipiodol bronchograms conducted in the X-ray department, there had been several techniques tried at Great Ormond Street. For some months the Anesthetic Registrar had found the following method entirely satisfactory. Induction and maintenance were carried out with gas, oxygen and trilene. A Magill intratracheal catheter was passed through the mouth, and then the dose of lipiodol was introduced with syringe and record needle by injection through the wall of the tracheal tube. Anesthesia could be maintained without anxiety during this manceuvre and while the pictures in different positions were being taken.
